INTRODUCTION
Cassini's laws, which describe the rotation and prescession of the moon, have been generalized to apply to Mercury (Colombo, 1966; Peale, 1969) . The spin axis and orbit normal of Mercury precess around the normal to the proper or Laplacian plane while the three vectors remain coplanar. In this configuration, the angle between the spin axis and the orbit normal (the obliquity) remains constant, and the magnitude is determined by the value of the ratio (C-A)/C, where A,B,C are the principal moments of inertia in the order of increasing magnitude. A measurement of the obliquity thus determines (C-A)/C which can be used to limit "geophysical" models of the planet Mercury.
The increasing capability of planetary radar and the coming Mariner flyby in 1974 both suggest the possibility that the orientation of Mercury's spin axis may be determined. It is therefore appropriate that the necessary accuracy of the measurement be established for meaningful geophysical interpretation. The bounds on (C-A)/C as functions of the error in the determination of the obliquity are established below. The high precision of the measurement for reasonable bounds implies that neither the television imagery of the Mariner flyby nor radar will be capable of the necessary accuracy. Two alternative schemes for determining the obliquity which involve orbiters or landers are discussed.
With M being the mass and R the radius of Mercury, these latter methods could also yield the value of C/MR , which is a geophysically important measure of the radial mass distribution.
Bounds on (C-A)/C
There are two stable positions of Mercury's spin vector which allow coplanar precession and which can be within the current errors in determination of the spin orientation (Peale, 1969) . One of these is near the orbit normal and the other near the normal to the proper plane.
In the first state the obliquity decreases with increasing (C-A)/C, whereas in the second the obliquity increases with (C-A)/C.
A reasonable minimum value of (C-A)/C is that appropriate to hydrostatic equilibrium [Munk & MacDonald, 1960, p. 26] .
where k is the secular Love number, G is the gravitational constant, R is the mean radius and w is the angular velocity of the spinning planet. The numerical value is obtained by assuming that k' = 0.96 and C = MR2 /3, the values for the earth. of internal shear stresses would be 1.3 x 10 4 . The internal stresses scale as the square of the surface gravity (Kaula, 1963) .)
The obliquity will thus be very small for all likely values of (C-A)/C, and we can use small angle approximations (from Peale, 1969 , Eq. 17): The velocity amplitude at a = 9 R is still well within the tracking accuracy, but the position amplitude becomes marginally determined.
One may use the amplitudes of several perturbations to solve simultaneously for C2 and C4 etc., but terms other than the largest are not zero order in the eccentricity and may be too small.
The periodic solar perturbations of a Mercury satellite orbit will be commensurate with those of the tesseral harmonics and may -10 -dominate for the relatively distant orbit discussed here.
Radiation pressure will be particularly troublesome since its magnitude will be variable. Such unknown quantities reduce confidence in a least squares analysis of the tracking data. An orbital period with a low order commensurability with the planetary spin is also an impractical means of determining C2 2 precisely, since Mercury rotates so slowly.
We should place a single orbiter relatively far from Mercury to maximize the ratio of the perturbations due to C2 2 to those due to higher harmonics. But the amplitude of the perturbation is thereby severely reduced, and the uncertainty in other perturbations becomes more critical. It will probably be necessary The required accuracies of the measurements are within the capabilities of current technology.
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